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Examples of projects

Example 3 {continued)

/

Statement of the Task

In this mathematical investigation, the main aim is to explore and devclop the
different mathematical concepts involved in the burning of candles. There are many
such concepes, for instance concerning the temperature or the weight of candies. More
specifically 1 chose 1o investigate at which various angles candles burned the fastest.
Fo do so I tested three identical candles at four different angles. With this data | was
able to draw conclusions concerning the angle at which a candle burns the fastest and
the slowest. Furthermore, this investipation involves several mathewatical aspects
especially peometrically. AH of these will be examined later in the project. Finally,
since all the candles are of the same Iength, 1 chose o explore at which stage of the
consumption the candle burns the {astest. With that data, it was possible to make upa
cumulative consumption curve for cach candle. Results will be analyzed and
explained using graphs, tables and illustrations. The outcome should be a strong
mathematical understanding on why 2 candle burns fastest at a certain angles and wiy

the shape of its flame is also imporiant,

Data Collection

Before the investigation, some infbrmation concerning the candies nceded to be
recorded, For instance the weight of the candle is needed to be able 1o calculate how
rmuch of the candle was consumed. Also I recorded the length of Ihe candles in order
10 be able to formulate a cumulative consumption curve. Also cach candle was of a
dianteter of lem, thus the volume of the candle (if we consider cach candle as a
perfect eylinder) is [J0.5% x 21.2, which is equal to 16.7em’. Later this will enable use

to calculate the total volume of wax consumed in each candle.

Candle Original Weight (g)

90° 45° 0 315°
1 60.78 60.56 60.87 6(.65
2 60.34 60.85 60.87 60.43
3 59.87 61.01 60.54 59.96
Candle Original Length (cmy

90° 45° 0° 315°
1 21.2 21.2 21.2 21.2
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Example 3 (continued)
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angle. Then we repeated the processes at 45°, 0% and 315°. The weight and length of

- The first investigation consisted in burning three identical candles starding at a 50°

the candles were recorded afer 1 hours of burning. The results showed this:

Candle Weisht () after T hour burning

90° 45° 0° 3157
1 50.67 43.86 2409 39.42
2 50.87 44.65 24.78 60.21
3 49.56 44.51 24.54 39.02
Candle Length {cm) after 1 hour buming

90° 45 o s
1 13.8 9.2 4.5 KN

13,7 8.3 4.4 211
k] 13.8 93 4.2 211

In order {o fornulate 2 cumulative consumption curve 1 marked cach candle every
centimeter over a length of eight em. The time of consumption of the candle was
recorded every centimeter. After the candles were burned 1 could figure out what

fength of the candlc was consumed and the volume of wax consumed. The results

showed up as follows:

Angle 90° [ 45 [0 [315

Candle
Time to 1 2 3 1 2 3 1 2 3 1 3
consume: (in
min}
lem 801 $8:03 |7:52 [35:21 |531 8523 [3:32 ;1337 |33 |- -
2 em 15:45 1 15:50 | 15:23 | 10:45 | 10:54 | 1043 1 7:00 | 7:14 | 7:05 |- -
3cm 23:34 1 23:43 | 22:55 | 16:03 | 16:09 | 16:04 | 10:34 § 10:39 | 10:32 ¢ - -
4em 3100 31003 | 32:42 | 2125 | 2828 | 2128 ] 14:00 § 14:02 ] 14:01 - -
Scom 39:23 130:45 | 39:02 1 26:40 | 26:42 | 2641 | 1739 | 1745 | 1731 § - -
6cm 47:34 1 4754 | 4702 | 3BS8 1 32:04 | 3056 | 2007 [ 21004 | 20:00 | - -
7em 5529 15538 15521 [ 370513723 | 3705 | 2443 | 24:53 | 2440 | -
8em - - u A42:37 | 42:46 | 42:35 | 28:17 | 2822 | 28:31 | - -

One last geometrical aspect that we need to observe is the behavior of the flame and

the candle when the angle of inclination is changed.
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Example 3 {continued])

o

Here for instance we can see

that the angle between the top When the inclination of the
( of the flame and the botiom of emndle is 45°, the flane does
the candle is 180° This meaning not change position. Asa

that {he fame is in straight line resull the angle between the

" yvith the candie. As a result, #0° top of the flame and the
only the bottom of the flame is bottom of the candle
close to the top of the candle, decreases to 135 The result
is That more of the candle is
- g o° comes closer 1o the flame.

o0°

Finally. if the candle is
inclined at a 315" angle, the
angle becomes a 45° angle,
2700 and the whole flame is in
contact with the candle.

When the candle is at a 0° angle,
the angle is reduced even
further. I't now becames a 90°
angle. Most of the top ol the
candle is now in contact with
the flame.

This geometricul behavior will be imporiant in the analysis of the consumption rate

since it plays an importans role in the speeding up of the burning process.

Analysis of Results

Using all the data collected thronghout the different investigations 1 was able 1o make
several observations and calculate changes thot oceurred in volume, size and mass.
Furthermore [ was able to graph some of the data into charts, The main conclusions
that 1 was able to draw were concerning the different burning rates at different angles,
the changes in volume and mass, as well as the cumulative behavior of the burning

rates. These results will help me conclude at which angle a candle burns the fastest.

Changes in Weight

The resulis of the different tests made at different angles showed interesting features

concerning the speed of consumption. The results clearly show that candles that are

82 ®© International Baccalaureate Organization 2005




Examples of projects

Example 3 (continued)

inclined at an angle between 0°-90° or 90°-180° burn faster than candles that a
straight at no anple of90°. The reason why this conclusion ean be made is because
the changes in weight batween the candles, which clearly show that condles that a
slanting are lighter than candles that are standing, after | hour of burning.

Here are some caleulations that prove this:

AL 90%, the average weight of the candles is:

(60,78 + 60.34 + 5987} / 3 = 06l.3g

After they have burned for | hour their average weight is:

(50.67 + 50.87 - 49.56) / 3=504p

S0 the average change inweight is:

603 -50.4=99g

So at a 90° angle, an average of 9.9g of candie was consuimed in 1 hour,

This means 16.4% of the original candle was consumed. This is found as foHows:
997603 % 100 = 16.4

Al 45°, the average weight of the candles is:
(60.56 + 60.85+61.01} /3 =00.8g
After they have burned for 1 hour their average weight is:
(43.86 + 44.65 +44.51) /3 =443
S0 the average change in weight is:
60.8 - 44,3 = 16.5g
S0 at a 90° angle, an average of 16.5g of candle was consumed in 1 howe,
This means 27.1% of the original candle was consumed. This is found as follows:
16.5 / 60.8 » 100 =27.1

At (7, the averape weight of the candles is:

(60.87 + 60.87 + 60.54) / 3 = 60.8g

After they have burncd for 1 hour their average weight is:

(24.09 +24.78 + 24.34) / 3= 244y

So the averzge change in weight is:

60.8 - 24,4 =30.4g

So at a 0° angle, an average of 36.4g of candle was eonsumed in T hour.

‘This means 59.9% of the original candle was consumed, This is found as follows:
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Example 3 (continued}

A

36.4 7 60.8 x 100 = 59.9

At 313% the average weight of the candles is:

(60.65 + 6043 + 59.96) /3 = 60.3g

After they have burned for 1 hour their average weipht is:

(59.42 + 60.21 +59.02) / 3 = 59.0

So the average change in weight is:

60.3 —539.6 =0.7g

So at a 315% angle, an average of 0.7g of candle was consumed in | hour.

This means 1.2% ol the original candle was consumed. This is found as follows:
0.7/60.3x100=1.16

‘The results prove that more wax is consumed when the candles are slanied, except for
the candle at a 3157 angle, which did not work because the hot melting wax turned ofT

the candle at such an angle.

Changes in Length

Anather way of investigating at which angle a candic consames the fastest is by using
the changes in candle length at different inclination angles. Here is a graph showing

these changes:

Changes in candle length after 1h burning

251

20+

154
Height {cm)
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5
0
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Angle of inclination 7

84 @ International Baccalaureate Organization 2005




Examples of projects

Example 3 (continued)

As is shown in this chart, the candles burned with an inclination apgle of 45° or 0°
burned the fastest and as a result these candles were much shorter than the original.
As a matter of fact, at 90° only 35% of the original length was consumed, at 455,

36.6% were burned, and at §°, 79.2% were consumed.

Changes in Volume

If the candles are viewed as perfect cylinders, then the volume of wax consumed in
each investigation can be calculated. These changes in volume also support the thesis
that candles burn fastest when they are slanted.

For instance here are some calculations that show these changes:

Original volume of all candles is 1 6.7cm’.
At 90° inclination angle, after 1 hour of burning the volume of wax leil is:
[10.5% x 13.8 = 10.8cm’

This means that 5.9 enr® of wax were consumed in one hour.

At 45° inclination angle, after 1 hour of burning the volume of wax left is:
[10.5% x 9.3=7.3cmv’

This means that 9.4 cm® of wax wete consumed In one hour,

At 0° inclination angle, after 1 hour of burning the volume of wax left is:
[10.5% x 4.4 = 3.45cm?

This means that 13.25em’ of wax were consumed in one hour.

Here again the results support the idea that a candle that is slanted consumes more

wax in the same amount of time as a candle slanding straight.
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Example 3 (continuad)

Cumulative Consumption
The point of this investigation was to figure out which phase during the hour of
burning is the fastest. Also with this data, the speed of the consumption can be
caleulated. First of all, here are the cumulative curves of the different candles:
Cumulative burning rate at 90 degree angle
1:12:00
— 05736
c
E 0:43:112
E 0:28:48
01424
0:00:00 +4 T Y v v v T 1
tcm 2cm 3cm 4cm Scm gcm Tem 8cm
amount burned{cm)
l—#—{:andle 1 —=—Candie 2 ——Candle 3 |
Cumulative burning rate at 45 degree angle
0:50:24
0:43:12
— :36:00 A
c
g 0:28:48 -
2 0:21:36 -
= 0:14:24 -
0:07:12
0:00:00 T T ) T 3 t ]
1em 2cm 3em 4em Scm 6em Tem 8cm
amount burned{cm)
—e— Candle 1 —w-—Candle 2 —+— Candle 3
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Example 3 (continued)

Cumulative burning rate at 0 degree angie

0:36:00 -
0:28:48 1
(:21:36 1

0:14:24 4

time{min)

0:07:42 4

0:00:00 T T T T ¥ T T 1
fem 2em 3em 4cm Scm 6em 7cm gem

amount burned{cm)

—o— Candie 1 —o— Candie 2 —— Candle 3

These graphs show that the consumplion rate of wax is consiant at all angles. Changes

in angles do not create an increase o a decrease in the rate of consumption.

Conclusion

By using different mathematical approaches, 1 was able fo conclude upon many
aspects of the investigation, Using differences in weight, height and volume as well as
differences in the cumulative burning rates, I was able to show that at an angle of
inclination below or beyond 90°, the burning rate speeds up. However this
investigation also proved that passed a certain angle the melting wax turns of the
candie, and the candle will not burn.

Even though the investigation contains many possible errors, the results are generally
so constant that one can say they are more or jess reliable. Possible errors could have
been made when mesasuring time, or lengths as well as weights. These could have
possibly resulted in slightly different results but they would not have affocted the

possible conclusions made from this mvestigation.
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Assessment of projects

Example 3
At what inclination angle do candles burn the fastest?

Assessment
Criterion LY B o £ E F & Total
Achievement |level 2 3 2 2 1 2 1 13
awarded
Maximum possible 2 3 5 3 2 3 2 20
achievement level

Moderator’s comments

Criterion A: Introduction
The project has a title, a clear statement of the task and a description of the plan.

Criterion B: Information/measurement
The data generated is relevant and organized ready for use and is just sufficient in quantity.

Criterion C: Mathematical processes
The mathematical processes used are simple and accurate. The vertical scales on the “cumulative burning
rate” graphs are different and this may pose problems for the analysis.

Criterion D: Interpretation of results
The student has provided at least one interpretation that is consistent with the processes used.

Criterion E: Validity
The student has made an attempt to comment on the conclusions made but not on the processes used.

Criterion F: Structure and communication
The communication is not always clear but an attempt has been made to structure the project. The notation
and terminology are consistent throughout.

Criterion G: Commitiment
Satisfactory commitment is evident.
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